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[W^^l 2] fffailll*5J:0^||2O#ii^(^^:^=J:^tt^mmiCJ; 
c: t =1: #fi i: -t- ^ -b ;^ T > T'HI jS&o 
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[0 0 0 1] 

[0 0 0 2] 

tUffl^^U t LT> DRAMAS RAM^? if <7)^^^^-:eiJ:e>^^^^ffl$tLTV^;g,o 
[0 0 0 3] 

^n^ii^^VO-^mtizmMjiimtLXli. MRAM (Magnetic Random 
Access Memory ) i)mi^flX\/^:bo MRAMti, b V ^'>^*>ttC@B2?iJ$ ttfcfg^^ 

:3^1^^t£tn;^:^ (GMR : Giant Magneto-Resistive ) ^mMLfzi, <DX^^o 
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^-i^: 5/ 



v^^o ^iHit-fe;v{i. cio2t»ts^ roj , nj <o2mmm::MB^-^xmwi 

[0 0 0 4] 

Sii?^14h>:T-;V?:!j:^ (TMR : Tunneling Magneto-Resistive ) ^jpljffl 
bf::?Sg^^^T-t±, GMR^^tcJt-<-C^tn:^jk^*:^^tc:^# < -f^b :iti)^X 

±) ti-ji^o >6K LT. TMR-MRAMT"{±. ffi'Ittf ^<^» i G M R - 
[0 0 0 5] 

TMR*i=-<7)^>f$:M i: LTii. C o F e /A 1 oxide /C o F e O^SSit^^ 
^f,tt^7&^ -e<^3£tn;mb^(±4 0%JiJ.±l::^>2a^o t^ir^ TMR^^{i^gtrL7&* 
iSj < . M O S mMW^^ Y'yyVT.^ (MOSFET: Metal-Oxide-Semiconduc 
tor Field Effect Transistor ) ■^j:}^(r>^M^^T^'^^ :^ t<D-^ y ^'i)^^ Wj 
v^ii^tLTV^^o ^0\^fzm^.i)^h^ TMR-MRAM(±> GMR-MRAMt 

^ o 

[0 0 0 61 
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[0 0 0 7] 

• -i<^9^> u^}i!>\^n(Dmmm)nm<omx^i,^^fzm^^^Lx\^^:h<D\,t 
. ^^<oTURm=^\zM\.xmum^m^m=f-^wMrr^m^xh:bo tztzv. 
^^m^m=f'(ommz\^h^^i)^^\ix\^^:hm^. ^fi^mm Lfzw^ijm-m^x 

[0 0 0 8] 

'^(Dfzib. ^^tbLmtrOS/NJt^[6]Jbi--^<, TMR -MR AM<?5-fe;i.T 

o L56^L5^:6^t>. #MmJEVref <r>§k^mmt. iJ^^ — t;i'-^%^#:^^=g.ffiv^ 
[0 0 0 9] 

ico:^-Stz^v^T{i. ^^^i-TMR^^-etL^tL(^i^^oi^'fb^i&i;6?, ate 
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mmmmm<r>m^mmi. ^Wf^:$:mi'^mn:scm2. ^mwt^-xmi^j:i^iz^\^^x 

[0 0 10] 

2<DT-i^mizm>frKmm-^fL. imiimzm-<D^)i^m^m^m^m=f'^^L 

iz^M^fi:ho m^<Dm^mLit. ^i'^y'--^Witm2<D7'-^mt^^m^ 
iz^-^'0'D\£y}^mtni, m2<D7'-^m<?)^^ t(omizm^m^^-^^ si 
, ^2(Dr-^mzmfL^mm.M(Dm^m^mt}t't^^:tx^j:^iti:ho 

[0 0 11] 

#ra 2001-236781 -^-^^ 

mw^xm2] 

2001-266567 ^<2r^ 

ISSCC 2000 Digest paper TA7.2 
[0 0 1 2J 

imMmw: Lx^ti-:b mm] 
^ < m:^j#-^o s /^mtm-T-t ^i. t ^ o -c v> 

[0 0 13] 

^i^ ^1, ^2<7)#T'-j5'«^H^^$*L7^iTMR^i^^<^Stfi;{^f>o§, iJiO' 

mim^mm=^%(o^'mth^^^-Y%\zm\-f^'SiMi^^h^. y^t-x^t^ifit:, 
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[0 0 141 
[0 0 15] 

^§tmi±-^^'d^^mm.^\izm^x^£^fifzi><Dx. -e-oseiiii. s/NJt;&^^^v^ 
;^ <^mm:^?5fe ^ Jitt-r c t ^ ^ o 

[0 0 16] 

\mm.^'mwthfz^(r>^m 
y'i-nh'mMh<r>m^wo»'fhf\^fzf'^'iT7.^^n}L^ mM,<^mm^^ y^m^ 

ir:h^m.mm^t^^is^(DX;k^o 
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[0 0 171 

mmt^^mmmi^^n^ i>(ofzif^^ir(Dx-it^j:\i^o cfuztt^th-r, 

[0 0 18] 

^t\zm.mst^fhK^i)^. m.^mM(Dma^-'^it-t:hfzii>(D^mMm^^^m 

[0 0 191 
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[0 0 2 0] 

i^hop^icfi. ^moHSdx^ ^;/f-M<^v^-ftt/6^io^^^i-;i>0i (7)^^ 

[0 0 2 1] 

j-iz^m-t^t^ ^mmmmmm^izxt}^ft^mmm^izX':>x. z<D^m 
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[0 0 2 2] 
[0 0 2 3] 

[0 0 2 4] 

mm^j (D mm tn. '>-^j:<ti>nm'^-MmLfzmi^xvfm2(D^^ 
m^^^^fzt^iz, '^fL'efL(7)mm^m^m^^'om%mKMmLx^^i,zwL^m 
m tfzitm2(DW7i,m^mjj^ij\^<omm:^mcx\^^^mm^^Lx\^^^ 

^^^fi^ciii ^wm-t^o njkj:mizis\r^x§t^-r^mm<r>mtm^'^A.x\^^ 

xi>x\^>(^iii^^x^:ho r*li:*ri^J tit. ^ow^mi^m^mz^ik^Ltzt^ 
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^-v: 12/ 



o ^p>\iz, r»e#:co— :^(7)Miijtc, -sEig^tLj tii^ mmi^Himmi^o 

[0 0 2 5] 

^Lxmmm^tmti:h tznb, f^iisxtj^m2 <D^T^m^mmm tcaa^ ltm 

10 0 2 6] 

tLfzmmt. ^fih-n<^m^ii&mi]^m'f'<o^p.^'ti\.zm,-rmmmm<Dm^i,z 
^^'^^xmwi'tf^'A^ii^m^m^ti^o ^is. cic:t'v>^ r^eS'fb^&^siv^cR^tTj 
tit. K\^^(Dm^tij\^. •t^j:t>-^mnm[H(D^^mit<D^j:'tnm-Ammizi so 
mx;k^m^<Di,3.^\ m^±^-r^mm^^^KM^m<t^fi^j:7b^^tzi!)mK^c 
^mm<7^m^^i,zmmLxK\^^(7)m^t<7)fj:irn^^n s omi!)^^m^nmfzim 
fix^^^m^i>^iso 

[0 0 2 7] 
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[0 0 2 8] 

. ^<Dmz\tm.^<D^y::^ry-:fmx^mt\^fz'mMMm^Kis\^^xm^mM<D 

[0 0 2 9] 

m^mf. mihmn^mn.:h-n<Dmmmm.<DmK&'^\^^xtm't)\y7!f>hmm.^ 

[0 0 3 0] 

if#«:^<j?^ffii-^)<^T-^o. mmmmammmti^fi. mmm<o^>(ri,z^c^m 

<Dt^. mmmmom^it. mw]:^^ -/^MKx^m&^tLxmmmff^^^. 
m.^<7)mmy^-( yf-M(7)mx^mtLfz^mm.mm^m\^^xmiiimm.(Dmii:~ 

[0 0 3 1] 
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(2) mtiimm^mmmm'r:h^>7.ry':rmm<o^Ai()^, ^(o—ux^h 

iziB^^xit^ (1) <7)sm^:m^fzm:^m^j:m^tiiLmmm<Dm}tscK^\^>xm.m 
-t^o -ecl-efi. w^(Dm^iiiLm-^<osxNit^m(ofzib(Dj:^K'o\^^xmfi 
-So ^2(omm<DmMizis\^^x (2) o#m^iji^-t'i>o 

[0 0 3 2] 

m 1 (ommmm] 

T:S:31<b$tt^MRAM'eab«9^ T K V^^^'^'iy 7 r 1 0 1 , -r*- ^^^^-y^ r 1 0 
2, M^nv-;;i^^i 0 3, fa'IS-t;i.#l 0 4, Y^lp]J^l|jIi]i^S|5 1 0 6 . iiX 

o*x:^ini^i*iii{^^ 1 0 8^±m^£mmmmtLxy^^:s,o ^(om^K. mm.^^ 

[0 0 3 3] 

IB'It-fe;vS^ 1 0 4 {i. tT"T h V iJ' X S J: ^ ^ #ll^<^f21t-t;v 

o is>5r offin-t 1 2 7=*- ^faiti-^ft/jN#feT'^ 0 . r 1 J , r 0 J <^ 

4J3i3tt^fatHr;H 2 0#^J=S:7- K^jXn > h^JYn tiq^^o 

[0 0 3 4] 

Y:fjmm.mm^Ui 0 6ii^ Y:^[a]TKi/;^T-*3-^j^i o e a, M^ffiLo;^ 

A60-t>>?.T>yi 0 6 B, m^&^<Dfzi6(DYyjm:^ ly> h K^^^l 0 6 C 
$ 56«|B1i-fe 1 0 4 L^ fBli-fe ;H 2 O If y b Yn ( 

Yl , Y2 , •••) Ciii,zmm-^tiX\^>:bo 
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[0 0 3 5] 

ib<D^mm.m^i o sb, m^ii,^<Dfztt>(Dx:fj\^:^ \y> v v^^yi o s c-nt^ 

hm^^tL. #^^^IB'It-lr;VS^ 1 0 4 t. tmt?V 1 2 07 - K^JXn (X 
1 , X2 , •••) rtlc^ig$tLTV>^o Lfc;6^^or. -^Jx.}?. ^^-ocoiBH-fe 
;H2{±. lil^t/ij:^ X:^|pIT Kl/j^^T'n-^l 0 8 A, Y:^^|oJTK^X 

r^i-vi 0 6 A:^^f>A;^J$^^^7- K:^t6i;fe j:t>*e-7 h:^|pior KV'X (xn 

, Yn ) tCioT— itlC^«^$tL^o 
[0 0 3 6] 

rVU:^^^yyT 1 0 Hi, ^UTVlyy^Xt}m^AO ~A20^#x.^ 

^TFi/;^§li05, i0 7t:iffLXY:ff\tirvu:^T'n-^ioeA, x:f3t^ 

r KV';^T'3~i5^1 0 8 Atc^^^tLTV^JSo C:<7)T K^y^/N*«y7T 1 0 1 ti, 
^S15r Kl/;^A^J^TAO ~A20>&-?>ffi1t-b;n 2 ^^iR1-^fci60ilt^'fS-i-=& 
I5tl)7i^, f*I^^^'>'7T±iiliitllci5V^TT Kl/XT'n-:ri 0 6 A, 1 0 8 A^C 

fB1i"fe;n 2 07-ra:^ip] (x;^[fi]) . (y:^Iri) o2o<7)^^ 

^■tl*:»-tt> T K^;^T'3-^1 0 6 A, 1 0 8 A<^-etL'r:KtcA^-r^ 

^oTv^;5o ^*5. ^^^•^';T-VNM;^55-'ieit-fe;i/^i 0 4*:^^;tL-cv>^j# 

r K^y?.^^'y -7 7 1 0 1 mm:mm-^)m l O 4;6>P> l 0(^f31t^;v 

#10 4 «r^#^i--?>fci60T V]y:^m-^i>^fzXtl^tt^^dK^£'oX\^>^o 
[0 0 3 7] 

<7)nUr-^^T-D0 ~D7 ^^ix^ii^lc, $IJIin'>'yi^g|5i 0 3 i:$0^|I#-^ 
mi 1 3 ^mm^fiX\^^^o r-^^^yyy 1 0 2 {i. XlJ^^'^yyT 10 2 
AisXX>^m:t3^'(yyT 1 0 2Bi}^h^j:^. ^ix^ti, MM^^Jy -^^1 0 3;^>^^ 

l l O. l l l t:ift'LX^^^tLYyjm:^l^> V K^-f yi 0 6 

c, x:^i^:^u>Y vy^n 0 scizmm^itixiiy), ^^vm^&^m\,z^ 
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1 0 8 c-€-^x-rtLtcm:tj-r^Mtg*^LTv^>s,o mti^^yyr i o 2Bi±. 

ffiLffl7='-^^N*X 112 Sr^LT-bVXTVT'l 0 6 B ttT*5 0 ^ 

>'N*y'7Tiii|iif|^fflv^;6ii:tcj; I), pi^'j^c^^m LNFlc>t>'y?.T>y 1 0 6 B 

~D7 tim:^j-r'2)atg^*LTv^^o 

[0 0 3 8] 

mL^w^m^^fzii6<om^ii^^wmm-^ (^-r h-r^-^-r;v ; we) i^^xti^ 

fim-^ms.^. nu^-<y y rmm^iza ^mmm^^ i o e , i o 8 izX'Z^^^ 
mEE v^^v $ -eJiipif -5) ^ti L T ;§> o 

[0 0 3 9] 
[0 0 4 0] 

m^m iBn-t;!/ 1 2 ;&n M(7ym%^im^mi^ 1 2 a, 1 2 b ;&^f> 

%Mm=^i 2 A. 1 2B-ett-etttc:giE-t--fe>^^v^mj»!E (•t>';^e«y hjia2 1 a 

. 2 1 B^^fb?SI^Mj:n;?*:^^^l 2 a, 1 2B^ti^^ixKm.XL, ^m(0^y:^ 
[0 0 4 1] 

:^r>"7'i 0 6B^-^tp^«^aiLiiie&<7)-^i:;6^ m^mLm^om^MLM^u 
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^-i^: 17/ 



Vi>^\£y hyjltimiMiam^S 0 (-, son, SOn+l, •••) ^mj^LXiS 

h^!l:^rS]frcafe^jtc@Ea$:fL-cv^^o tf h:^iR]#fiMaiiilj^8 o 

8 On , 8 On+1 , •••) (^#>^{±, Y-^\^r 1 0 6 AK\£ y hv' 

n-K||2 0 (-, 2 On, 2 On+1 , •••) i:^LX^m^fi. lUtJ/^yyTl 

0 2 BtcgE.J^aiLfflf'-iJ'/N'X 1 1 2 *^tr^M^tL-Cv^;5,o ^*5, iBjEItifi 

i6, 2^J-c>ft;^$-^T«v^-cv^;?,o fB1t-fe;vS^i 0 4 tcov>r^)|^;^T% if h 

^JYn , Yn+1 O 2 ^J*Cft^$-^TV^;2)o 
[0 0 4 2] 

#IB1S-Ir;v 1 2 <^?^^^tit^:^^^ 1 2 A, 1 2 B Ji> GMR t TMR ^ 
[0 0 4 3] 

lati-t^i'^i 0 4tr(±. x:^[R]tcie^j$tL;s-t>;^ffl7-KT'=7-m3 1 ( 

3-m2 1A, 2 IB (m^. "b^xe^y h^tB&#) t liJ: 0 h >; 
^MO-t>;^lf b^2 1 A, 2 1 B t3^5^j^gg$ tLTV*^|eit-t;H 2:65^-7 

h^jYn ^m<D^>:^^- vm.3 1 iz-fj vm^mB^fixy^^^ 

[0 0 4 4] 

1 0(^ffiig-fe;i. 1 2 1 S^O?^^J£tiL^:^^^^ 1 2 A, ?^^^£Jn:2iamm^- 

1 2B'tfl^fl<D-m^^t>:^\£y V1^2 lA, 2 IBKmm^ft. tfz^fi^ 

fL<7)mi^ii. iMomm.m±mr-(:t-vi3A, i sBo-etL-rtt^^tr^ 
m<D-^yy^u-m3 lizmm^fi^o ^^x\ (om%m.im^m^ 1 2 a 
, 1 2 B izM-r^ -fe > V > i^mssom^s^i^ti. ^m'f-H)^ h (Dmm. b^i^p^\£y 
Ym2 1 A, 2 \ Bt<omi^^.i)^h. ^m'^'^h(Dmut^y:^^-vwL3 it 

<o^M.^.t,x^fii(r>m^t-t:ho c:c:T'«x ■t^T.ify hm2 i A, 2 i 
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^-v': 18/ 



10 0 4 5] 

'^>:^\£y hm2 1 A, 2 1 Bti. fB1t-fe;H 2<7)lf >y b^JYn (Yl , Y2 
;^tLTV^^o •fe>;^ey bj^2 1 A, 2 1B<^-^1g!| (mUVccm) Kit. ^tl 

rix. mmm&mmmmii^2 3 a, 2 3 b (jy.^. im.^2 3 a, 2 3 b) , 

^XX/V y^^-JTs^ 2 2 A, 2 2 B <7) =r l.- iJ' - jc ^ FBl;^^^Jtc^^§ ttT 

v^-So ify h^JYn ^«fiS;f ^^moffi'it-t;n 2(±. ^ti^itityT. 

Vm2 lAt^>X\£y Ym2 1 B <^)^:^IC^|^$ ttTV^^o 
iB1t-t;i/ 1 2 t3:felt^a^«*n:^:^^^l 2 A<7)-«;&s^r>';^tr«;/ hM2 1 AK 

[0 0 4 6] 

$?>tc, Y^>-J::f.^2 2A, 2 2B<r>^-:^mKi±. Vr^-VWi2 0 

Km^^fiXi^y). Y:^|n]T KV>^T-*3-iJ^l 0 6 AJ: 0^ #^3i^/^c^mL 
<7)*tmt5&^|B'lt-t;i'i 2i)m't^}£y b^JYn lc^tTS$^e«;tcW:^j$tL-g,^ 

2 On , 2 On+1 , •••) fi. fB1t-b;H 2(D^}£y h^jYn t^MiSLTl^^t "btL 

Xi5i). Y^i^T Klx;^T-*3-ri 0 6 A:d-fj<7)^^«^*i|)'f^^a-e*>^e-y 

h^jYn tc^g|mi-^^tl**LTV^So bv>'vX^22A, 22B{i. — itO 

H 2 ^ ^ LT. tf -7 h -Tn - m 2 0 $ fi^Mn'm-^(D 

[0 0 4 7] 

3&43, tf y hT'a- m2 0 t-tv;^tr«7 h^2 1 A, 2 1B(i. Ccoi-^tc 
, t?«y h-jPn- m2 OitY^JplT h'Uy^r::i-ri 0 6 A i O ^t^^-'l'^fEX. 
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^-v : 19/ 



^m-^^-^'^^. -E-Ofitti "H i gh" , "Low" <D2m(Ori^^^)Vm-^X-^ 
^(DI,zMU hm2 lA, 2 1 B {i^^^mtn;^:^^^^ 1 2 A , 12B 

[0 0 4 8] 

ttz. ^>7.}£y Ym2 lA, 2 1B\,zmm^flfzmi^2 3A, 2 3B<7)« 
OB am A:^;^40A, 4 OB) 5&^Sm$tfCV^^o ^tJfclf 2 3 A, 23B 

yvmm^mmz^mL. xtiW^A oa, 4 ob j; ij-t^xr^yi o gbjcs 

< /ii6lclSM$tL^o tfc. ^^^2 3 A, 2 3B{i, m^iVccO^^&mJBEJ: I? 

i>- <f>fzm&^^^mmj±iy^)i^^i'^y)m'rmmi>mum^r\^^^o ^^xi±. «t 

^vVi/mmJ^^^il^T^cS^Jtc, jgtii;=^2 3A, 2 3B-e>*:^5fcmJEI^T=Sr#r^ 
A:tFm4 0A, 4 0BtCA:tJi-;5>mJEjiSr'e#^filt:^§ <t- ^t^|^2 
3A, 2 3B<Dm^m^±^<-t^'BWi>^^:ho^':>X.m.m^2 3A, 23B 

m^mm^m'ir 12 a, 1 2 b <7>^mm ii^i>±^ y^^wMm^^i- ^^tibm 

[0 0 4 9] 

^>^U~VB3 KD^^KU. mC^-VmXn (XI , X2 , •••) izm^i 
i^ttfc|B1i-t;n 2-Am^^fiX\^>^o fztzU ^^mMcoj^m-c^it, tmt)Ul 
2 h'^y:^^- m3 1 h<Dmz. imM=?-b\.X(OWmitmv^ Ki 3 
A, l3Bi)mWt'^^X\^^:homMmitmV^t'-Yl3A, 13B<7)#/^(i, 

m%mjm^m^i 2 a, 1 2Bic*tsL. -e-tL-rtLissutc^^^^tLTv^^o t 

7^:. ?^^JStn;^^^^ 1 2Atiifr»iLE;&liiffir-f:^--Kl 3 A. ^i.Xf. Wk^m^ 

%^m^ 1 2 B tmmMitmi^^ - k 1 3 b«, :s.\'^\,zmM^f\^fz-^m\z^^ 

o 
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^-i^ : 20/ 



[0 0 5 01 

B J T : Bipolar Junction Transistor ) O^^-;^ — n ix^ ^ P^^@|& ^'f 
^f - Ki: L/i^>0^, MOS FET(^>r- h- Kl^-f >ra=lrMI&LT^-r K 

[0 0 5 1] 

y iJ'K^^^^^tL. CK^b^^'S^XiJ' 3 3 0^-;^iratc{i, 7-K^jXn tc^l^. 
LTy-KT'n-ms 0 3 On, 3 On+1 , •••) i!>m^^itlX\^^^o U 

^ K-rn- ms 0{i. X:^lBir K1/>^T'3-^1 0 8 Alc^^$tL-Ci3«9^ X 
:^|6]r KVXT'rj^^l 0 8A<J:*3 7-K^jXn ^mmr:hmiSim-^i!)^Xtl^tl 

o 

[0 0 5 2] 

jBcxmm-r:hmi(o^mi^:^^ yi^tLxmmL^ •fe:^>^7~m3 lo^s 

[0 0 5 3] 

•fe>;^'7-m3 lomfiflic, $f>tc^m??£iiijg&i 0 8 

B75^BBIS$tLTV^^o 1 0 8B{i, •fe>;^7-m3 1 =^^tL;Z)m?7fL 

3 3^xz/mmmmim^3 4f>^hmm^tix\i>^o .tor. h7^^v^;^^3 3 

Rate— ^om»!t«:S£-t^tg«r^Sx./i ^> O o T*3 i9 x -e-<^)^-Xfi!l{i 



ttJliE#2 004-3015994 
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^-y: 21/ 



[0 0 5 4] 

#tr>y h:^lS]-^f4ScaiIlI{^8 0 izis^^^X lH<0^y^\£y 1 A, 2 1 B<75 

^tBEIJ^S 0<^-fe>7.T>'yi 0 6B(i, ^tt-rnA*ll4 0 A, 4 0Bt3J:J!) 
MS-t^-t^y^e^y 1 A, 2 IBK^m^fi^t^K^ -r^xit^mcD^ 
>:^ry':riiitim.5 lA, 5ib (mii:. mMsiA, 5ib) tc^^^tt, 

Smt^fi^^WLffl-T'-^/N';^ 1 1 2 tcj; J9m:^J>'N*-7 7T 1 0 2 B tc^i!$*LT 
[0 0 5 5] 

-b>;^.T>'yi 0 6 B-?-tLg#:{i, v^t)i9>'2>lli*iiiiii:^t L■C#^$^^, 
>i^;^:S^4 1A, 4 lB^-h^j:^mm^t. 'mS.mt!t:MlO mirfzi(><D/^y( T ^ 
StfL-e^>-5»/NMT>^^*n;^4 2 A, 4 2Bt. mJEEI^Tffl(^^^^ K 4 3 , « 

[0 0 5 6] 

133 miJS^ffiLliII^^'^:6^ib-fe>'XT>n 0 6 B<DU^^mmLX^Lfz 

^^yiOSBfi. mtimslA, 5 IBH^tL^^^^-K^^^tLTV^^o $7^: 
> ^NMT><.J£^|f4 2 A, 42B(i. :^ m^^fi^h-T^XO^y > 

yi 0 6Btc*W$*frv^;g>o ^Ji5, m::b^5iA, 5iB{±. ^<7>m^-m^m. 

Kisy^^xm^mLmr-^^^:^! i 2i,zmt>hfi. mtf^^yyn 02bi,z^^ 

[0 0 5 7] 

V9>i^:^^ 4 lA, 4 1Bit^ ^-:^mKXt}m4 0A, 4 0Biim^^fl 
. =iUi^^mi,zmt}m.5 lA, 5 1B^ift-LX^UT^mmm4 2A, 4 2B;6^^ 



ffiiEiff 2 004-3015994 
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^-i^ : 22/ 



[0 0 5 81 

-<^T^ tB:tlM5 1A, 5 1 B J; J)|5^^)m§tL^m:^^J^-^^;6-lf/bo;6^>^v^7^: 
ae)tC{±, ^^MT;^^i^;#4 2 A, 4 2Bir«^^i;6?fflSa.<a5o7t^><^=l:Mv>^ 
CLt-^mtLy^^o h'7>i^>^^4lA, 4 1B^>. 5:v^(^#l!i;6«^<|io-CV^* 
^t:d5a^T'^^o tfc. r4:^-V43, V y -S^ 4 4 Xmm^4 5 

4 4(D::iU^i^-ju^ y ^mt:^LXmLm4 5 Kmfi^tfmmH-^mK 

mm^fi^o ^(ofzif>^ hy>>^y.^4iA, 4 iB^m.fi^'mmmnii—^t 

[0 0 5 9] 

@eg/t ^ - j::^ ^u^^^ ^ ^ 

[0 0 6 0] 

Y:^i6j|gg,iiij^fp<7)^^oiilj^@gft^^L.Tv>^o Y:;i5ripj|giljlilj^l$ 1 o eit. 

lfi'Ii-t;l'Wl 0 4<7)--5aic5^^$tL, ^<D±mziiy jK^-f-f ^iJ^/N-'y Ki 2 1 
56^igltf>ttTV>^o ^OY:^r|p]IES!/|IIJ^g|51 0 6T'{i, }^}.±iz^X ^fzX^ 



2004-3015994 



Wm. 2003-081251 



^-i^: 23/ 



Vy^yi0 6C(D^fi^M^^}£ymYn (Yl . Y2 , -0 t;*tJS1-^Iil 

i^=sr i^^^iit tT^«9S:oTv^^o ^mm(Dmmx-it^ ctLt,iiii^i o 6a 

~1 0 6C0 1^^#^:Sr. ^/Si-^lfu/ h^jYn (Yl , Y2 , •••) riilCt 
i:i67^:^>0^#feJ^ijl|i]j^DUn (DUl , DU2 , •••) t-t^btmz^ 

[0 0 6 1] 

0 6A<^(iii^aii;r(i. mrM7'f>i2 2 (vcc) ^fiimitLcomm^ ^ y I 

2 3 (Vm) , ^''^'^^K-^^^l 2 4 (GND ) t(Dm\mm^fLho ^mmML<D 
[0 0 6 2] 

-b'^;^T:^ri 0 eBomi^^VTii. Szi^-f 1 2 5 ^^mAiL<r>mM 

[0 0 6 3] 

a. ^}f'yhmYn (Yl , Y2 , •••) K^fi^'fiMf:^^i-HfhtLX\^^^fzlfXtj: 
<. •^>:^}^yVm2 lA, 2 1 B<7)m?«^.Vcc1|IJtC^^$ttTV^^o -f-CT-, 

it?{±, ^:x;^t:^'7'i 0 6B(^>iHlJ^jLi;rtc, 2 2 A, 223, 

i&ifL§^2SA, 2 3B=^. •fe^^^^T'l 0 6Bi:*lc^a@ee-r^J:-5tcLr 



tliiiE#2 004-3015994 




2003-081251 ^->? 



Co 0 6 4J 

A, 22B, ^^^23A, 2 3 B^^-t, i -5 m^^S: tT@eg$ tLTV^^ ^ 
i^-^:ho ^Z-C. ^T^^yVl2 8A, 12 8B(i. ^firti^y y 
lA, 2 1 B-x^^^^^jx^^ tfz. m6lzitm^tiX\^>^j:\,^-!bK Ifyhr'n-V 
m.2 0ii. ^y^>V^4>12 4i:m^M^XY:fjmTVU7.r^^ri0 6 

my^>12 5t:±iZ^y^>y*y^yi2 4^Ti.ZLX. m5Xlifj:<m2, 
[0 0 6 5] 

tC:^X. Yy>i^:^^22A, 2 2 BO^i:. ^^^2 3 A, 2 3BO?t. 

mizmtu ^75n^t^^^l:;fev^o zfiizxi)^ umm^ti.zx^x^z;hmti 

^<omt ^ ®M -^-^^^t y!)^X ^ ^ o 
(0 0 6 6] 

^mm<D^mKis\.-xm^^^mmi&mm^m^i 2 A, i2b. ^xv^ 
fBit'b;i/i 2<Dmmz'o\^>xmm-t^o 

[0 0 6 7] 

^1 o(D±i,z:^7^in(7)m%^mjj^mi-i 2 a, 1 2B:6^^m$fLT5Sr^o 
^fihm^mmjMm^i 2 A, i2B(i, ^Kommi. ^^2 
, m2<Dm!&m3-bmmLfzmm^t. ^<^nm^(D-n<omm\zmmm\zm^ 
f^'^^^m-)i]pib't:bxn'\zw,m^fi^t^\.zm^my£y Mte a, 



WIE# 2004-3015994 



S^m 2003-081251 



^-v*: 25/ 



[0 0 6 8] 

?B^^^tn;^m^T- 1 2 A, 1 2 B-en-rtLtcti. «g#<^±M 
[0 0 6 9] 

. n-mm^X'^xmif:^mi)m^t-r:h^mmm (mmm) x^^o ^^^ji, 
mnm (mo A) t^'^},zm^^wmm^2^^A.xmm^fix\^^:ho ^(omm 

H 1 1 o;^ bf > t ^ 2 Ofi^tt^ 3 «7) ;^ e > i: otB^fi^j ^ n J: o r 

'^^Kmf^j^^^KmM.wmi^m^i 2 A (i2b) ojsifu^gtift/K ^^tro 

[0 0 7 0] 

^20?^14@3(i. ♦^ffllf Mae a, ^Tiffly- me b J: 

J: o T ^fe c: tLlc J; 0 ^ 1 i (D^it t <omM'^mi!)^Kn 

'^V')^:^mmmKJ:'oxn')tii6. mii.m}£y vme a, »3iffl7-m6b 

^tt^o ^tl^^TMRm'^tLX<r>m^1&m}^m=¥'12A (12B) <Dm:^m 



WiE# 2004-3015994 



#M 2003-081251 



^-z^ : 26/ 



[0 0 7 1] 

^tr^t. MI6 a, ^iZ^ffl 7 - m 6 b <^>^vn3^^T a: o 

[0 0 7 2] 

tTt. ElSfi. »^iffllf y M,^6 a, me bOgeM^jt^^L^c 

^^^ffly-me b fc?riiSxrv>;z>o :Lfihi:i^m-t^x^i,zmi^x\^^^ii^, 

^<7)^mmmxi±um^iz^nttj:'oxm^Lx^ ^ . -<^TO^^tc?^^^jiL 
(ommmm±i 0' ^:^^-cv^^o dcr-ti. ^tft^srof^^jiffle';. hme a 

, *3iffl»7-m6 b<^'^^?^|^^fflv^-r^2<7)?^14il3 0?fMb=&S$E$^J:^y6^ 
[0 0 7 3] 

=fe43. ii^^igtfi;^:^^^ 1 2 A (1 2B) ^£tl-fe>->;yirffl^^ 



tBIEilf 2004-3015994 



#M2 003-081251 



^-v: 27/ 



1 i^^(i>mmm'mfi&^. mm^nm5 7!)^i>>m^i o^tm^mi^x^\,zm 
mi<7)m!\mi. m2(Dmi&mzK\t. mkit, ^^vvy^i^^ (coFe 

) i)m\f^hK. -?■<^>ffe^#0=ry^*;^^ (Co) . (CoPt) 

. ^y^)},^^?-^)^^^^ (NiFeCo) ^^t^^my^^^:Lti)^x-^:ho tfz. 

[0 0 7 4] 

o L:d^L. m,^^^vr^^-<7.\,zi5\-y:h-^mm\:^^imf^(D^^mit^mhfz 

ibKii. h>'^'^;i'^iJL(i. lOkn- (/.m) 2 jij.ir. $ f>tc$f t L < t± 1 k a 
• (//m) 2 \>XTtir^:iti)m-tL\^^o ^^l.fzYy^)Vim,m.^%^-f:^fz 
ib\z\i^mmm (>>^;1'/n'VT®) 2<^J?«^ti2 nmmT> ^h\,znt\^< 

m 2 <Dmn.m 3 1 oi^^^m<DBaizmm-t ^ v -^mm^^ d> MRmmr 

[0 0 7 5] 

tm&Lmmm 4 ^2(Dmcm 3 ^3^*^?^^^ 5 1 ^BMm!m^^^^:k> x 

■9«tgi-'2>^bOt?^^), )Vy-=.^A (Ru) , ^ (Cu) t£}fi)m^^^ 

(ofi^o W^m.'&.mb\,z\,t^ m. (Pe) . (NiPe) . Co, 

CoPe, NiPeCo#Srffiv>^Ci:;dJ-ei^, ttz. h^Sa, 
#7iffl7-m6 btcj:*a#Sr:^H^att^5lc^Et»^Hi:^;^zie)tc, 
b(Ommm\tX^^fz\'f±^\,^\.i0i)mtL<. *#:6<;t;{i2 0 0 0J^1.±. 



miiE# 2 004-3015994 
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^-v*: 28/ 



if S t < fi6 0 0 om±T*b'i>o 
[0 0 7 6] 

Wvi^m^y ym6 BL^xxfWTi^mv-vmebit. v^i*tt^>. ^^>' (ti) 

, mt^^y (TiN) , t;V5-'!7A (AO 76«JlII^c«^l^^^y^:m^S^^t> 

ai7-m6b{±. 'e?flx.{f. r)V^=.^A (Al) (C u) i3 J:l>'i5^ 

•r> (W) 0-5*><7)i5l'^^< t l@:6^f>!&^ i^l-tT'i) J;v>o 
[0 0 7 7] 

l^^^ta;^^*^?- 1 2 A, 1 2 B7&^ff^^$tt;2,^;^l o<7)±lC{±, a^e^^^v 

0 mmm%\t^ «^7?r^tT5:v^C^^$tt7t:SS®8A, 8Bj&>f>3fc;5)o 

1 2 A, 1 2 B (i. 8 *3 J: Xf^mm l <^±Ml'5^gg$ tt 

^m^F 1 2 B t ^mm^^ixx\^>:h^mm s a, s b K^fi^tim^ii^^^ 

1 2 A 1 2 B;{)^ m^fi^ic^^^fi-eab^ J: d ^ tt 

[0 0 7 8] 

v^;v©9{i. p (jp) ^m^mw:wc^fix n- mt^j::h K-t^o tfz. m 

[0 0 7 9] 

^-r Kl 3 A, 1 3 B^SrCKT) tct^3 >y b^-iJ^^:^- K^: UT5^^f 



mffiE# 2004-3015994 



2003-081251 



^-v: 29/ 



:^-Vit, PN^^ij^-r^-Ktcjt'^-c'j-i^mM^i oomj,±^i^^<. 

^1 0 0 01S^>afe^iJlc^^Lfz:^'^. ';-^'m5f£>5^^55^^»)ii:^LTLt^fc&i)lc 

fz^^. V - m»rL>65^4S:^T' § ^ v^:^'^-^ > iS^-f ^ - K 1 3 =^ P 1^^^^^ 

MJ^t/cMO S F E T-e^^^f ^ ^ ^) iTtg-e*)-So 
[0 0 8 0] 

I119(i. ffi1t-tr;l/^lplI^[ll'tr^L/i^>(7)t?ab^o i<7)i^ic, m<7):^^^in: 

1 2 A, 1 2 B {i. ^ 1 (om&.m iisxzfm2 <Dmn.m 3 (Dm^tonu 

:b*,, ?^^S^^:i:^^l 2 A (1 2B) (i. mir^t<D'^^^y>^)vmM(D 
[0 0 8 1] 

i^^m^i 2 A, 1 2B<D-'-:fj^j&miL. m-^^-M^m^tLxmrnomm^^d 

o ^itii. 2oc7)SI^Jg*jL?»^^l 2 A, 1 2B-^>h<Dmtt'^^W}M^MLxm 
^m-ttzit)i,Zli^-^j:h^j:^^o X-oX, ^^^^-f 2 oO^g^^iSi^L^^m^^ 1 2 A, 

1 2 B {±> miim. m^i^^mtm. ^iixfm2 (Dmn.m s <oRmmw<D-x ^ $ 

[0 0 8 2] 
[0 0 8 3] 



I±1SE#2 004-3015994 



#11 2003-081251 



^--J: 30/ 



1 2 A, 1 2B^iz:^ijmizmi\:f)m^^fix\^^^o -Ij. m^^mtm2<om 

ttS 3 om^^L. m^m.^^^m'f 1 2 a, 12 BXltK^^iZ^mft^j:^ 

^ 1 2 A, 1 2B<Dm2(Dmnm3<om1t:fJM^K^^zKw■nt^J:^vmxmm. 

[0 0 8 4] 

^<Dt^. in<Dmi^m.mM^m^i 2 A, i2Biz^\^>xi±. ^ti^tKom 

m-JC2ffi'|f# roj , nj '^^JS^'^^Clfc'T-. looffi'Ei^;H 2tcilf 

h(7)'if #^1211^-^^0 ^io\ m^mz^mm'f-i 2 a (1 2b) ii:fev>rii 
^m^i 2B{i. 'Z^'r-yj^mm,m.x\ mMmm.m.t^j:'=>xmm^mWi-t^o 

[0 0 8 5] 

z(DXdiz^ Mt^ji^bm^w^^^m^i 2 A, 1 2B\,z^\f^xm2<Dm!^m 
3(Dm\:-^n^:s.\^^zu.'^'ift-t^fzib^ m\ nc^t/rj;^^^, m.%wim}^ 
m^i2A, 1 2B^in^^^Mm^my£y ym& 2i, m^mv-Ym&h\zn\^ 
. mnm\zm.nnhtj:^ii^\,znM^m.-t (iii8#H^) o mi i\,z\,t^ fBit-b;v 
\2\znL. mio\,z7^Lfz ru Y^m^^t^m'k<Dm^^^mM<o\p\% 

[0 0 8 6] 

-^tttcj: 19, m,%mm^mi'i 2 a, 1 2 B-€-^-rtL03^^^t?i^tte 5 irji, 
2vMcisfrf6] ^ \,zmm.'t:hm.wi)mM^fi. ^fi^fKDn 2 (Dm^m 3 t<oMi^m 



miE#2 004-3015994 



#M 2003-081251 



^-v^ : 31/ 



tt^-^twj; i9®^$tL^o roj y^w^^isKii. m%mm^m 

^12A, 1 2 B-ett-rtLlcitl-mmoinli^Sr. Hl^cOfpj § i: {i^^tic-gj 
[0 0 8 7] 

mmmmm^mnm 5<D\HUKmc^ib{bfl^^lti!)^i;^, m2<D 

. m2<Dmnm3<7)mitii. m^(o-jfmKnL-t^^j:±^^t^j:!bi:oizmx.i:, 
fi^o ioT. ^<^m2(Dmnm3<Dmi\:-ijmT!}mum:nMmzxy)n.^fi:b^ 

[0 0 8 8] 

^AO ~A20<7)'e-^mffi^lX^9^^-eI*I^/^^y ^TT'tiiliiL^ TKi/;^iai 0 5 
, 1 0 7 ^iii:TY:^|R], X:^|pJOT KV;^7"rr-^l 0 6 A, 108AtCfS^ 
i-'So -etttlSl^tc, T-^/'iyVT 1 0 2-3bmU-r-'S^m^D0 ~D7 <^>^-f- 

mBb*fl5^D^^t?F*gSB^^'y ^r-eJtipsL, m^i^^mr-^^^:^i i o, i i i 
^®i:ty:^irj. x:^[bjco*i^> h K-^-fn o 6 c, i o s CKmrn-t^ (m 

1) o 

[0 0 8 9] 

1 0 6 C, 10 8 CtcJ: t);^^i^tL-So Ci^xtcJ: 0> ^^m^y Vme a, 

ffilE# 2004-3015994 
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^-i^: 32/ 



[0 0 9 0] 
[0 0 9 1] 

, 1 2Bi)mm(ox^tj:m^f^\^ttj:^xmm'ib^mi-^fifzvmttj:^x\^^^o 

\£y h-rn- m2 0. X:^[pl(i7- Kxn- ms 0 t,zm^m-^:^^xt}^ti^ 

^ tXM^^ fi^o Mx.{^. ^^l-^&ffilt-t;!/! Yn ^ij, Xn+1 ^ftc^^ 

Yn #gOtry hT'n- m2 On Xn+1 #g07- Kt'h- ms 0 
n+1 izm-^^^^XtJ^fl^o 
[0 0 9 2] 

Yn #aoif y hT'n- K^2 On IC^Jlt'&mEE V^JV-S:" High" tir:h 
V9>i^:^^22A, 2 2B;6*iimW.^:'&^9^ f21i'fe;H 2<^Yn#gO 

. -t>>?.e-;/ h^t2 lA, 2 1 B=£-m-a^Vccf!l5e'^'b-e<^SW1IIJt;iS]7&^oT»S;}xT 

^ o 

[0 0 9 3] 

—-fj. Xn+1 #S<^)7- Kr'n- Kj^3 On+1 tCislt^mffil/^-'V'Jr" H i g 
h" ^i-^ h 9 3 3 ;e)^^iimm-«i: =Sj ^ . fB'lt-t;V 1 2 (^Xn+1 #i 

<7)'i=f:fjmyu y ^ (7-K^jXn+l) i;m»!E«*T-^Cl t;6^fi^;gti^o ioT. 
-b>'v:^^«g£{±, Yn f|BO-fe>;^lf y hM2 1 A, 2 1B075^e>^ 

m^mmjmmir 1 2 a t ^-r k 1 3 a, 1 2 b i: 

- Kl 3 B^ii'9x *t;Xn+l #iO-fe>'y;7- m3 1 ^i:»fLtt5i<J?^, 



miE#2 004-3015994 
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33/ 



^ ^nmrn^l 0 8B^1t^1-^ h9>'v;^i5' 3 3 0rrl^i^^-jn.5 y^m^rm 
f). ^*n:^3 4 3j>-^m^<!:^lt^o ^CDi^t^, Yn ^ij, Xn+1 ScolB'If-b 
;H2{±. Yn^iJ, Xn+1 tfa<^>m^®j^i;^:^#^l 2 A, 1 2 B ic-lr > i/V^J^ 

[0 0 9 4] 

'lt^<7)Sg;t.ai Lfi. ffl'll-fe;v l 2 0^^^^i5L^:^^^ 1 2 A, 12 B<r>^ti^ 

. •fe>xe'yh^2 1A (2 IB) l,zMLXUmizmm^ftfz1S:tfL^2 3 A (2 

>'i/>'i^m^<7)::^§$^ Isense . Si/i:^2 3A (2 3B) Ojgt/L^=S:Ra 

Va (Volt) = I sense (A) XRa (n) — (1) 

^ (1) ^^^2 3 Ai:^t)L^2 3BO^>&m<tio-Cv^tL(^. 

^^-e. c:^-e{i^.^mLtB:fj^t-i-t LT> ^s^^2 3 A^^tfi:^2 3 bo 

ms.mr'^^f^'efixijmi 0 A, 4 0B:^-hm^B^L. ^<7)m^^m:m-r^x 

9t3Lrv>^o ClcOctdlc, 2o(7)^^^Jg^^^^^l 2 A, 12B^fflv^ 
[0 0 9 51 

(^rn^mi^ 1 0 8 B (Tj-f^ffi) 

2 ^:m.^^t>^xmm^ixfz^mmmmi o sb:*^ mmm^r-^mmmziiaib 

[0 0 9 6] 



ttiSE#2 004-3015994 




#M2 0 0 3 - 0 8 1 2 5 1 ^--J : 34/ 

■:k^ disease it. m.mpmm.ifi^3 4 (Oimm^Rc tt^i£. ^x-^t^ 

o 

I sense (A) = ( 2 ^ ' — ^ ) (Volt) /Re (n) - (2) 

^S=£:tSi^, ^inl^Rc =Sr^N-7^-iJ't LT>t>v>i^m^Isense it-mz 
[0 0 9 71 

m^^-fe^i/V^m^Isense 5{»-'-5eO|ISlF«30^T'^5gLT5KtL^o ^ 

(2) O-fe^^/^^m^Isense {±. -b^-J^^y-ms ncittt^mjj^-e^ i9 . 
^Z^:^\£y Mt2 lAi3J:tF^r>Xlf«y h«|2 IB. i> < \m%mm^m^ 
1 2 AiSiDq^^^tfi;^:^^^! 2BO^:^=lr9fttt^m»£OM]OC:i:'C^^o 
[0 0 9 8] 

~mt LT, mMJK*S^#3 4 =^ 5 0 k n t L> K3 2 , h 9 

^5^ 3 3 V ij n > r ^ :t - J: Oe^> i; n > h ^ i/';;^ ^ t T^rJ^-g-. ^ 

mfflj^l 0 8BiiJ:;g,-b>'v>'ijrS^Isense fi. mt I ^ fi A\zt£ o CIO 
S^ii±OM@lcj;»), *t^'&«^*£*iL^m^^l 2 A, 1 2B^^^fi 

%^m=}-i 2A (1 2B) (Dmjm(r>\th'^% t\t. mmm2i)K ^nm m 



ailE#2 004-3015994 



#M 2003-081251 



^-v : 35/ 



A (12B) <Dm.ifimiiZii^^xi 5-^5 o%mm. m^mm^<D0kmm\^^t^ 

^ tLm±<7) ^> o §: C T L t 9 o 
[0 0 9 91 

m%Wffm^mi-l 2 A, l 2B<D^ijLm<Olfh'O^Kit. ^Hri:tz2oo 

m^^^^^^i^fi^o Qi^Eit. iB'ii-b;n 2m±(Dm'c. $¥mnm2<Dm^<o 

<r>w^m^m^j:^m^'^$>^o ^.cx$mn.m2<Dm^i!)m'tif. incom^^ 
mmm=^i2A, 1 2B(Di&mimm.ijim. mw^^^ti>±^^j:m^t:hxo 

ic^^o (2)2 OS (i, #fait-lr;H 2Xmrj:i.X\^^:hm%mri^^m^l 2 A 

10 1 0 0] 

-Cl-e. (l)fB«-b;i/l 2<DmX. m^mm^Wzm^l 2 a, 1 2BO^^^i;&s 
{fibov^TV^f^ii-r-So •fe^';^lfy h!il2 1 A, 2 1 B ^JjK*T,^#m»fE^{i. ^ 
ii-rtL 1 ^(^a^Sinl?*:!:^^ 1 2 A, 1 2 B <DW^mz)B\^fzm.X^thh ^ <D 

>j^2 1 A, 2 1 Bf:^tt^#m^iii{±. *;2>m*&^k:^^7tm»£»Sr^^jt 

#^OMRJt^^£5^v>J:^'fcJ#'^tc{±, mo?^^^in:^:i:^^l 2 A, 12 
B (Di&^it-^^m L d i: , fan-t ;n 2 r h o*£tnm<^:*:/h tiM^JS: < ( 
<^^orv>fzi: UT*) ^ y hj^2 1 A, 2 1BO#mi?K 

^it{±{5(?^L< 'fe^o <:i^bT. «t>y^lf >y Ma2 1 A, 2 1 B OWg^oMti 

> #ic-^oiEffli*iM3ii6fjtL^o ^(Dfzib. mmmm^^mmijL§^2 3 A, 2 

[0 10 1] 
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•trli^ ^WMm^l 0 SB^mifX\r^:hfzit>. •t::^;^e-7 Ml2 1 A, 2 1 BO 
[0 10 2] 

^±^ m??s^-'-t>;^7- m3 1 ^-^>?^^teta:^**^i 2 a, 1 2 B^-^tMrn-r 

[0 10 3] 

CliT'ti. tf -7 h^JYn , 7- K^ijXn (O^mWmm^m'?' 1 2 A, 1 2 B 

^iio-fevy^.ey ym2 1 A, 2 1 B. *di<7)-fe>j^7- m3 1 izwm^ 

v^?^^i£tn:^:^^Tl 2 A, 1 2B^^LTSlJO^j^tC»SmLrt*v\ 

KXi>^^ Lfzmmm^^ t ^<Dit. lB1t-t:;H 2co®iRy?»-f y^^}£y h:}fm 

i>^^^^, CliT'ti. ^jri:tC3gm»^iaKl 0 8B«r*ffl$-^;5>7^:i6T'*);i>o 
[0 10 4] 

LfziEm.<7)mm^^h^irixm^\H^mfi^mmm». m^m^Ti^^^^ii 

> 1g;i^^tiL3^:^3li=- 1 2 A (12B) ^:Mmir^m^±K§k&ir;bo L7&>L53?7&5 
lb, iCl-eti, — :^lRim^t?*S^'f :t- Kl 3 A, 13BtCJ:r), ^(Dm^H)^ 
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[0 10 5] 

m^^^(7)mB (ii) , (iii)t^:^Lfzi>(DX-$>:bo m^z^\,^xii. e 
[0 10 6] 

citttc^^fL. ^>i^>^mm<D—uii. m^itm^ (Ocdx^^z, ^lvtsV- 
m 3 1 7 - Ymii^ \m^-t^Tmmm^m^ 1 2 a, 1 2 b l 

, $^lC-t:^;^tf hjg|2 On+1 -^mtL^o ^i3> TO^MtLti. |SiD-fe^X7 
- m3 1 t3^MtC^^$tLTV^.?»#i5:<^?^^Stjt^:^^:j:. 1 2 A, 1 2 B (HI 

[0 10 7] 

^i2A (12B) ^rM-^xm^^ijmm^^-r^ho mmxa. -r-^xmm 
•t;n 2iz)s\.>xmnmm^m'^i 2 A<D:f3^imin.mtLxm^^mmLx 

mSMX^:bmMM:in.^3km'^l 2Aimn. -Ir>^7-m3 l^-^LX^h 
137- K?iJ:^l6]tc|^^t-^IB'lt-t;n 2<^1g:J£iaffiiJ<^)a^^*n:^mS?-l 2 Ate 

mm-r^o -eom^ iEmo^i^tji^^^-tvxeu/ h^2 1 At-, m^^fifz 

}^-^>7s}£y h^2 1 AtC^^$tL/i#^0?^^^Si:;t^:f:^:f.l 2 A (lU^-frt* 

) . ^iih<Dm%mjm^m'^i 2Atmm^fifz'ty:^u-yms i=&iwii:< 
•t^0^WL<Dm^immMm'¥'i2A, i2b (m^^t-r) tc^tr^^csoa 

[0 10 8] 
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I^^mirl 2B(D—1f^Mmi-^^ti,ZX':>Xy t> t o<7)fBtgt^r;H 2 ^Miii" 
o $ ^ tc. RM1|lJ<7)^ hm2 IB ^±:^^ . SE^tii L^^c7>lfi'lt-b;V 

1 2 o^^^^gta;^m*i^ 1 2 B^S^ibjEm^^Mi^-^Iil J^oitfo 
[0 10 9] 

ci^L/i^j^ (i)~ Ciii) it-t^x, ^mm<r>j^m<ox^K. 

m^l2A. 1 2BcO«jjiL^J^±t3y^:f--Kl 3A, 1 SB^mf^^tizX 

•oxmmi-^^t^^x^:ho ^(Dx^izLx. m^^m±^m^i 2 a, 1 2b 
%m.w^^m^ 12 A, 12 B<Dmmm^^ 1 00 ^.^ Ktc^jg^^-^^?, ^ ^ 

i<zLfzi§^l,zii^ (i), (ii) ^igif1-'2>^i:5i>WtgT'abi), m^Oilti^ 

^mm<ow^m<DXd tcfsit-fe;v 1 2 «^4»-e?g^^j£tiT;^:i:^^ 1 2 a, 1 2 b {±#n 
[0 1 1 01 

^ ^^mmt LT. m%mi^^^m'¥- 12 a, 1 2Bt't>xu-vu3 1 t<D 
mizMmm±mh'7:^z^y<.^6 3A, e 3B^mftzi^'^^mmLx\^^^o ^(o 
Mm.m±mv'7>-j:^^e3A, esBt*. hr::i-vm2 0 

tfciiy-KT'n-mS OKmmir^t^ ^y7.\£v ym.2 1 A, 2 IB^L 

'g-> b7>>^;^iJ' 2 2 A, 2 2B(i5fc< i:^>J:v>o ^9 LTtitilSRJihffih^^v^ 

;^^6 3A, 6 3B^>|WI;^lC-:^l6]^^a: tTMi-^o 
[0 111] 
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. r^:i--Vlimio\^m,RtLX/^yh''¥^y^^ (0. 6 5V~0. 75V) 

mzmifxw.mK, mmmm^mmm.u^2 SA (2 3b) . y9>p:?^^22 
A (2 2B) . m^mun^miri 2 a (1 2b) . Mm.m±mr-{t'-vi 3 

A (13B) . Yy^i^:^^ 3 3. mm*IJK«*S;=^3 4 O 5^#^l-53roTV>-5 
. 6 3Bii. mmm±mr^ 3 A, 13Bi,Zit^^ 0. 5Ym^^^^^ 

[0 112] 

tfz^Mm.W±m^^:i--V13A, 13B(±. HI 1 5 lC:^L^c i ^ H> j^frgg 
E^lhMMOSFET? 3 A, 7 3 EKWi^m^^ ^ t i>-^mX;^:bo ^<om^. 

mmm<7) k v > - y - r^mmit o . i vmm t:^-fj:^j&<, ^(Di'^m^mt 

^ ^W.m±mhyyi^:^^ 6 3 A, 6 3 B tm3:m^X^:ho 
[0 113] 

2 1 A, 2 1 B tm^m^mt^m'?' 1 2 a, 1 2 B^tt-e^ttor^tc^tt^^Tv> 

[0 114] 

^^>^::^ xt!m.4 0 a, 4 0 Bi^^ib^f? m-fmfS:M^'fe>;^T:^y 1 0 e bic 
**w?>:h,-s.o m:tj«i5 lA, 5 iBic{±, v-^m^^mmmBs 0 

8 On, 8 On+1 , •••) <D0'^ff)-b>:^T >':f 1 0 6 Bi!)^::^ i^mxij y^.'^- 
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[0 115] 

ClC-efi. >'nMT;^^^^4 2 A, 4 2B;i>^*ffl^tL-CV^^c7)-e. 

(vcc) i}-h^^^^7.ryfi 0 e>BKmm^fL:hmm.(Dmm^m~^fL?t>o - 

tL(i, -b^;^r>yi o&B:::t(r>y^>V7.^ A ia, 4 i Btcit^^mslt* 

tfz. Vy>i^:^^2 2A, 2 2B, ^gi)L^2 3A, 2 3 B ^ ^Zf^> 7.r >^ 
[0 116] 

■fe>;^T>-/l 0 6BOttl:^J{i. mtims 1 A. 5 1 B, ^-JS^tB Lfflr^-iJ'/N* 
xii2^^feLT. M^^mizimtJ^'^yyr 1 0 2BizX:h^fi^o mtJ'^'iy 

7Tio2B{±, xtj^fitzm-^ms-i:. mm-r^t^iz2m<7>m&m-^tLx 

[0 117] 

^(r>x^i,z:^mm(ommjzis\^^xit. m^i^mj^m^i 2 a, 1 2B\tMm 

n2<r>m.'&m a <r>mti7m^-^mzmkxmmi'kmmKm^^is^ti)^x^ 
M^xmm.'^m^mirm^. ^<^^^i'Z'm2<Dmmm3<Dm<ti^^WT^y]miz 
+^m-ofz:^mx^in:^, mi (OMi^m 1 t<Dmnm^j:mt:f]\tnzX'ox. 

^imM:m^ 1 2 A ( 1 2 B) tC*5tt'S > >^WU«»£^^> l±o i y) t±/b(D2m 
[0 118] 

C tLicJnx.^ ^ CT^fi. IBIHr;!/ 12^1 itO^^^Jg^j^^^^?- 1 2 A, 12 

BT'^^L^ MijKm.ix^mm.^mwimt}'r^j;:oi,zLfz(Dx. -b>>^ify m 

2 lA, 2 lBK^^Lfzm'^i)m.^^fi:ho ^y^^-ms I 
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U -b^:^e>;'hM21A, 2 1 B (^mSlEliOMJi, "BK—^omMl^KUit^h 

^1 2A, 1 2B<Dm:Ef^<om^(DlS(^'O^KnLXi>^ -t >'X tfy Mi2 1 A 
, 2 1 BO#m5lLli0^ift'l:#$x.iitf^:i:^^LTv^;&o ioT, ^^L;^:M 

i-So =&fex 5^«5!£iaj^l 0 8BOh9>i^;^^3 3 ti. 7-KT'n-m3 0 
[0 1191 

4^::> #M^^t/L^:^#^l 2 A, 1 2 B t-b^;^^- m3 1 — 

ms 1 ■A^^m^&m^m'f- 12 a, 12 B-^mm^d^jifrgK-r'S) ^itibm^^ti 

-So ittici 19, ^ii<^-t>Xlf h^2 1 A, 2 1 BtTtfi^a^^-tVXV- 
m3 1 tc^^^tt/clB'lt-fe^v 1 2 <^^. is J: sy^\ 1 o<7)fB'it-fe;v i 2 <Dfp<Dm. 

^immw^m^ 1 2 a tm%mm^mir 1 2 b of^ izmmmm:^^x ^^:it^^ 
[01201 

^ ibiz, 3^^M<^ff^^,-e{i> •bVXTVT'l 0 6 B5{)^m:tJlt5 1 A, 5 1 B 
^Li^X-^r- K^igi^iL, /NMTX^tS:il4 2 A, 4 2 B ^^ffli"^ J: ^ ic t/i 

o-e. b^^'i^;^^4 1 A, 4 1 Btc2^ti.-S)mm*7&**^— 'fb^tt, -fevj^r:^:/ 
(DUffaMmt^ #>t>;^T:^yi 0 6 Boffi:tj»s— *tom:tim5 i A, 5 IB 

[0 12 11 
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inx-T. -fe>XT>7'l 0 6 BOli£&J^'; Ttl. V^y^yy^^ 2 2 A, 2 2B 

. i5j;iz>mi^^2 3 A, 2 3B^'ii>:^T>fi 0 6 B tmzmmmmi-^ O 

[0 12 21 

A, 1 2Bc7)>fa5:P^o^^<^(ft,o|:m:^il^=S:^M$-^^i:*lw, r'-^J^j^ 

izm^Lfzm^t. t:^:^r>'fi o 6B^j:hmz-^<Dm<7>mw}n(Dmii.iih'o^ 

[0 12 3] 

»iLllIj^l 0 8 B=£r«x.^c: ttcioT. h < t. 

^mzmifrumz, mm.mm^^mimm2 s a (2 3b) . h9>v7.^2 
2A (2 2b) . ?^^j£tn:^:i:^^ 1 2A (1 2B) . Mmm±mr^t'-vi 

3 A (13B) . b7'-^>^X:5^3 3. m^iEMRSiS^ff 3 4<7)5mm^tc;&oTV> 

So 'e<^mflE^JE<oM«^'b> :Lfih<Dm%mi^^M:mi'i 2 a (1 2b) ic;^ 
itsmffii^T^^^ico. iv~o. 3Ymmti&i<mx.^z.ti)^x^:ho mm 
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KMJ±^mi£tn:2 3 A, 2 3 B tCislt-SSEEI^T) {i^^ii^ ^> (^T'*;5>55^ -fe 

T^i^^ b >':^;vm^-ei^iii$-^. m^mm^mj- 1 2 a, 12 B<^^iife?fe:^ 

[0 12 41 

[Il2 0^ife<7)5^.^] 

-Cti, lll<7)^iiO?^^.Oi5^-f ^- K4 3, A 4, ^tfill^ 4 5 «b 

'&^(iIj^S|5^=£r> ^«»fLllli^5 0 LT?>h^ ta6tiL> ^-fe^XT^^ 1 0 6 

[0 12 5] 

#-t>;^T>'yi 0 6 B-efi. >-7>vXi5^4 1 A, 4 1 B -7 ^ 4 6 ( 
4 6n, 4 6n+l, •••) ^r^^LT 1 o05eS»iEliII^ 5 0 iC^jiH^^^ ttT 
v^^o i-55::b*>> X-f «7^4 6 l/ZX-oX^^T.ryfl 0 6B>6^loil^$;tt. 
S«»tL|p]£&5 0 iiM^^flfz^>^ry^l 0 6 B<0— LTtilf^f 'i> <t d 

[0 12 6] 

ClClt?. ;^'f«;'f-4 6 4 6n, 4 6n+l , •••) (D^tl^tHZii^ ^tJiSi" 

-Slf «7 h-rn- m2 0 (-, 2 On , 2 On+1 , •••) i: - raiRjf-^^ 9 0 
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h^y-zt^vi^ ym^ (cs) m^^L/m%^^^^^^^^fzib(Dm^ 

^^^-^m^ (WE) fc0^31^^a:o/i^(^-e*)i9. ')-YWSim^m^ o\t 
. mm^avy 0 ^iJ^h^yT.ryfi Q & B},z^\^m'^Kx\^^h (|1I1# 

[0 12 7] 

II (i> S^^tLTtfy b^JYn lC*vt-JS-t'?)-t:^;^T;^7*l 0 6B:6W^Mai-M 
[0 12 8] 

^ Lfc ^ (DX-h "9 ^ EI 2 1 (i. A:^'fS^lcMJJ:> L/cX y f-(Dltifpm-.^^ tT 
v^:?, o X ^ y ^ 4 6 ti. ^-X^T-tw >; ~ KS^M-i-m 9 0 -bm^^i^fz h ^ > 
4 6 1 i:. 7.n=^\,Z\^ y bT'3-m2 0 ttfc b 9 >- iJ' 

A & 2 ti}^hmi^^ftX\f^ho CO^-t), h^>v;:^i5^4 6 2<^3l^i?'^-jL = 
^y^JTal^^ > ^Vvy^iS' 4 1 A, 4 1 B<7)J^^ y ^^^fc^mitlUiE&S 0 tcistt 
;i> h^^v^y^iJ' 4 8 tO^ti^^^^x-cv^^o ^ibiw, b^^'v'X^ 4 6 1 con 
ViJ^i5'«T-t±mM (Vcc) \Z-mm.^f^. ^(D:xL^y ^^^\t^ b9>v;^3^4 6 

-:^xtimj±-b^ "H i g h" <ot^<7)mE.mY i (^ta/#^Mm-f-<^mEEfi 
If h-T'n- K^itcomjEiE) vi-v2>o. 3 (Volt) (Drnmz^ 

O 

[0 12 9] 

^l(d::^-( y^4 exit, Y^>i^:^^4 6 1 0^-;^mEE7ii« "Low" Oti 
{i^ h^Vi^T.iJ' 4 6 1 {±Jiift'tig^^;SCi:;^^ib. Yy>i^:^^ 4 6 2<DW}i'f 
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10 1 3 0] 

>9>>^;^^'4 6 l<D^-7.^^l,z «H i gh" ;«|5X:;^$tL^t 
>^^4 6 li>mm-r:ht. ^C:ntih7>v^;^^ 4 6 2 tc?tt-m^J: 

mmi)mfi:b m^itvi-Y2>o. 3 (vo 1 1) ) o ttz^ mm (vcc) 

5Ji>fb#h v>v^;^r5'4 6 1, 4 6 2 ^-e<^^{^^fct*-5>i:. Vvyz^:^^ 4 6 1 

mi±Y^>Py^^ 4 6 21lfltcJt-c-C£h#J6<;(c^^ffi7j»^V>C^:;6^*?^-;5,o Lfc;6? 
oT. h7>v^Xi5^ 4 6 2tc «H i gh" T^^Xtf^flfztLX MM (Vcc) 
:*^'b'^^$it-5,m5Ktih^V-:<?;^iJ'4 6 2Tli^j:<, hy^i^:^^^ 4 6 1 iiMEtt 
'Bo ^7^^^ -^O^^tC, ^M.^.P(^m^ (h9>>?;^iJ'4 6 1, 4 6 20*ii<75 
y^m&) {±V 1 J: J9 hy>Z^:^^4 6 l<^^-x-a^^ ^<7)j|g:;^f&I^ 

V®<>fci9. h9>v^^ 4 6 2{im»fL;6-'B!LtL|t<;&oTv^^o 
[0 13 1] 

:i(DX^l,Z^ y^4 6lt. h^^v^X^ 4 6 1 tC "L ow" h^y-:/ 
;^^ 4 6 2 JC "H i gh" ;6^A:^J$tL;5^§lcc7)^. SM-t^o L;^C75^or. c: 
O:#'a-<0ifffi/#^<t-^{i, Sg,^mL^Jg^-t^i:^{i "Low" . m^vi^^i: 
m^-t^t^Klt "High" izm^^ti^o -^T<^;^-r ^5^4 6{±. 

-fe>;^TVyi 0 6BtCi3tt^ b7>:^>^iJ'4 1 A, 4 1 B 1 5 0 t 

[0 13 2] 

JgrngfEHI]^ 5 0 ii. r4t-h^4 7, hy>i^X^48, t&^^4 GiZX-^X 
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CO 1 3 3] 
[0 13 4] 

i)^hi£:hm^n>^i)^'^m^^M^^m\^. V^yyi^y^^^ a 4\t\£y Yr^- Ymz 

46^^'^|&5gco \mi<D7.y(y^] mt&LTisO. h7>->^>?.i5^2 2A, 22 
[0 13 5] 

iOJ;^^-t>>^T>-/l 0 6B{i. '^(DX.n\zW}Y^-t^o 
[0 13 6] 

tr. ^ffi/#3i^i-t5&^ ')-vmim^WiQ QKxti^fL^o ^(^m^mm 

^56^ "Hi gh" =&f>Jf#^iX.;?^Kift75^'Jg^$tLT^J9> y^A&\mmL 
[0 13 7] 
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lA, 2iB^-i:>mmHm<Dm^mim^m'^i2A, 1 2B^m^. 

1 0 6Bt^(i, ^(^tr.;; hT*n^ K^2 0 <7) If \ 
[0 13 8] 

. M^^iXtz:^-^ y^A%\,zn]^.'t:hYyyV7.^ A lA, 4 1 B t^m»S|IIli& 
If <y YTu- m-r:-miSi^iXfz\£y Ymzn)^.-r:^>^y 7.T>f I 0 6 BO 

\^^^'^mmx^TLm-^\,zX':^xm^mi.Wimm7ri^fifz^^\,zfin. m 

m3\ZT^7-^':rit^fL:ho ^<D3;i>)\z\^xm.^'^rLfz^y7.r>^i o 6B{± 
.XtsmAOA, 4 0B;^-f>lJii9m-t«f4^^||i(|itiIiiLTai:fj^5 1 A, 51 

mm^mt-t^fzibK, if y vmmz$>^^>xr>':fi o eB^tc^tt^aj^ 

[0 13 9] 

^<7)x^i,z^mm<Djfmi,zis\^^xit. mmkn'rh^>:^r>'fi o^B-b^ 

ti)^X^ho ^mMmmz 0{ih9Vv'Xi5'4 80^-;^^^tc "H i gh" O 

mffi:6^epin$:atL{f, if «7 y-r^n^ vm.xm^^fLfz^y ^.r >':n o eBtir 

36-^t?§^o tfz. ^-fe^^T^-ri 0 6B:6^|W|D5tS??SllIS&5 O^^ffl-r-SCli: 
T% -eoyn.;/>^i*iT'Oj|^tttdrt,oi;5*i^m$tL. ^^rV^^T^-T-lOeBtl^fL 
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[0 14 0] 

$7t> VyyVT.^ 4\K, 4 lB(7)lo^^m»i£lllj^5 0tc^^$-ii;E,/iA6 

[0 14 1] 
[0 14 2] 

^ - m> $ h \z\±^mm^%mnF^ 9 1 o$o^^«-^^^tf 3 wm^^'r^m\'^ 

[0 14 3] 

th^o %2<o%m<r>iimx\t. #-fe:<';:^T>yi 0 GBtc^iSLr;^-^ yf-4 6 
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2 On , 2 On+1 , •••) K^m'^fltzY^yVT.d^ A % 2 4 6 2n 

, 4 6 2ii+l , •••) {±. ^^rVXT^yi 0 6 B JC^^&LTlt^lgtt 'bttTV^'g) 
o CttP><^ 4 6 1, 4 6 2{i. '7 ^1i;&s-^-<:T*ii^St^ttT 

^m-t^i^^\^mi^'^ilX^^. ■!^W.<OV^>'j7s^ A & 2 {"', 4 6 2n , 4 
6 2n+l , — ) i)^Y^Z/-J:^9 A 6 1 5r^ffl-t-5) J: ^ t^^oTV^^o 
[0 14 4] 

-eoSff^fi, y^A &bnmx-h:h (0 2 1#B5() o b 7 ^'i^;^^' 4 6 1 
lC"Low" m^mi.m^) iJ^Xti^fi.. hv:^vX^ 4 6 2 4 6 2n 

, 4 6 2n+l , •••) (D\i^irK-b^\z\£y YT^- Vm^Xti^f^^ MlSi^fifz 
V^>P::^^A 6 2T()mmir:ho mk.li. }£y h7='3-m2 On iljlfy br* 
3- K^Yn ^^A^I^tL-S h ^^i^X^ 4 6 2n 0^7&^#iiL. If -7 b^JY 
n ir^f&-t^-fe>;^T>7'l 0 6 B:^^r^7--<y''{t^fl^o 4 6 1 

tc"High" im^ji^^m^) ^^XtJ^titit^Kii. hy>i^:^^ A 6 2(D 

[0 14 5] 

nm^.P 1 - Vyy-J:^^ 2 2A(D=i]y^ 

M5c,^.P2 ••• hy>-Jy^^ 2 2B(r>au^^1^^ 

m^.^.P 3 ^7:^1^^:^^ 2 2 A(7)^-y^m=?- 

m^j^^P A - hy>-J:^^ 2 2B(0^-:^^1=- 

?a!l^^.P 5 — V^^i^:^^ A I A<DaU^ ^m^^ 
m^j^.p 6 — h^y-J:^^ A lB(DnU^ 
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m^.^.P 8 4 1 B<^^->^^^^ 

[0 14 6] 

1112 4 {±. M5c^,P l~P4<^S!l^^*^^LTv>So llllll^t?{±. 

?*:f:*^l 2 A«^;^tt;i,1l!|t?-b>7.lf >y Mt2 1 Alcm*L^m-^(i. b9> . 
-J:^^ 2 2 AOj:.^ u/^m»!£> 2 2 A<^=i 1^^ ^m»fe^^~ 
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